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[57] ABSTRACT 

Cementitious containers which have a cementitious struc 
tural matrix for use in the packaging, storing, partitioning, 
and/or shipping of goods. The containers are manufactured 
from cementitious materials in order to be strong, durable, 
tough, lightweight, cushioning, insulative, inexpensive, and 
more environmentally compatible than those currently used 
in packaging, storing, and/or shipping goods. The cementi 
tious structural matrix of the containers includes a hydraulic 
cement paste (formed from the reaction of water with, e.g., 
a portland cement) in combination with a rheology 
modifying plasticizer, such as methylhydroxyethylcellulose. 
Preferred embodiments may also include various aggregate 
materials, ?brous materials, and air voids, which add the 
necessary strength while making the product lightweight, 
and which can provide insulative properties (if desired) at a 
cost which is economically justi?ed in comparison to con 
ventional paper and polystyrene products. The molded 
cementitious mixtures generally have su?icient strength in 
the green (or uncured) state to maintain their molded shape. 
The cementitious mixtures can be formed into ?at sheets 
having greatly varying thicknesses depending upon the 
intended use of the container. Corrugated sheets can be made 
to increase the container strength. 

56 Claims, No Drawings 
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COATED CEMENTITIOUS PACKAGING 
CONTAINERS 

This application is a divisional of application Ser. No. 
08/320,522, ?led Oct. 7, 1994, now issued U.S. Pat. No. 
5.514,430. and a divisional of application Ser. No. 08/019, 
151. ?led Feb. 17, 1993, now U.S. Pat. No. 5.4533 10, which 
is a continuation-in-part of U.S. Ser. No. 07/929,898, ?led 
Aug. 12, 1992. now abandoned. 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention 
The present invention relates to novel cementitious mate 

rials and their methods of manufacture, and more 
particularly, cementitious containers that are lightweight, 
inexpensive, waterproof, sometimes insulative, and environ 
mentally neutral. Both disposable and reusable cementitious 
containers are disclosed. 

2. Related Applications 
This application is a divisional of application Ser. No. 

08/320,522, ?led Oct. 7, 1994, now issued as U.S. Pat. No. 
5,514,430. This application is also a divisional of application 
Ser. No. 08/0l9.15l, entitled “Cementitious Materials for 
Use in Packaging Containers and Their Methods of Manu 
facture” and ?led Feb. 17, 1993, in the names of Per Just 
Andersen, Ph.D., and Simon K. Hodson, now issued as U.S. 
Pat. No. 5,453,310, which is a continuation-in-part of 
co-pending application Ser. No. 07/929,898, entitled 
“Cementitious Food and Beverage Storage, Dispensing, and 
Packaging Containers and the Methods of Manufacturing 
Same” and ?led Aug. 11, 1992, in the names of Per Just 
Andersen, Ph.D., and Simon K. Hodson (now abandoned). 

3. The Relevant Technology 
Advanced packaging techniques allow for all types of 

products to travel safely for long distances from their point 
of origin, even with lengthy and time-consuming distribu 
tion systems. Packaging containers protect their contents 
from environmental in?uences and distribution damage. 
They also provide a medium for the dissemination of 
information to the consumer; for example, product 
speci?cation. ingredients, product weight, advertising, brand 
identi?cation, and pricing. 

Speci?cally, packaging containers protect items from two 
major destructive in?uences: chemical and physical. Chemi 
cal destruction relates to compositional changes resulting 
from a product’s exposure to moisture, light, 
microorganisms, or gases. Although not strictly a chemical 
problem, packaging also provides a barrier against vermin, 
including rodents and insects. On the other hand, protecting 
against physical destruction includes restricting the physical 
contents of the goods, cushioning against shock and vibra 
tion encountered during distribution, and preventing the 
items from leaking or being crushed. 

Paper manufacturing companies are spending millions of 
dollars to ?nd the “perfect” package. Recently, Georgia 
Paci?c Corporation opened a new package technology and 
development center where boxes are designed on computer 
screens which are connected to large cutting tables that 
automatically shape and perforate the cardboard for testing 
under many di?’erent simulated actual and arti?cial condi 
tions. Businesses are demanding packaging strong enough to 
protect their products, light enough to make shipping 
cheaper. and made of recyclable materials. rIhe amount of 
time spent in research and development to meet these needs 
is indeed staggering. 
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Since nearly every product must be packaged for shipping 

and sale, the anticipated use of packaging containers is 
certainly on the increase. For example, the Congressional 
O?ice of Technology Assessment predicted in 1989 that the 
amount of corrugated boxes manufactured annually will 
increase by more than ten percent through 2000. This same 
report states that even the amount of packaging materials 
used in importing goods amounts to about 2.5 million tons 
per year. 
The standard box or carton used in shipping is made of 

cardboard or a similar paper product. When insulation is 
required, styrofoam is typically preferred because of insu 
lation capabilities, cost, and stability. Protective packing 
material is typically made from paper or plastic, e.g., sty 
rofoarn or other polystyrene-type materials. Every year, 5.6 
billion tons of plastic packaging are produced. 

Recently, with the public’s attention being focused on 
environmental issues, certain containment products have 
come under heavy scrutiny, especially disposable packing 
materials and boxes. Most notably subject to criticism have 
been styrofoarn products, which typically require the use of 
chloro-?uorocarbons (or “CFC’s”) in their manufacture, as 
well as use of vast amounts of the ever shrinking petroleum 
reserves. 

Unfortlmately, CFC’s have been linked to the destruction 
of the ozone layer, because they release chlorine products 
into the stratosphere. It is mainly because of their stability 
that they do not soon degrade after being ?rst emitted. This 
allows them to migrate upward through the atmosphere until 
they reach the ozone layer in the stratosphere. Upon 
disintegration, it is thought that CFC’s. release chlorine, 
which is readily converted to chlorine monoxide. 
The second North American National Ozone Expedition 

(NOZE l1) and the international Airborne Antarctic Ozone 
Experiment, which sent planes into the ozone hole in Octo 
ber 1987, found strong correlations between levels of chlo 
rine monoxide and ozone depletion. In March 1988, the 
Ozone Trends Panel released an analysis showing that ozone 
loss has been considerably greater than computer models 
had predicted. The panel concluded that from 1969 to 1986, 
ozone levels had dropped 1.7 to 3% in the latitude band 30° 
to 64° N., which covers most of the United States, Europe, 
the Soviet Union, and China. wintertime depletion in the 
northern portion of this region was even more severe, being 
5 to 6%. 

Because the ozone layer acts as a ?lter that removes the 
most harmful ultraviolet (“UV”) wavelengths emitted by the 
sun, it is believed that signi?cant thinning may, in the future, 
cause widespread damage to living organisms through 
excessive exposure to harmful UV light. 

In particular, excessive exposure to UV radiation causes 
sunburning of the skin of humans and animals, in addition ' 
to the burning of the retina. One of the most recent “ozone 
holes” was reported over the southern tip of South America 
and over parts of North America. There have been reports of 
animals in Tierra del Fuego, the southernmost region of 
Chile and Argentina, having developed blindness and cata 
racts far in excess compared to times past. There have been 
numerous studies and reports that have concluded that 
further breakdown of the ozone layer will lead to sharp 
increases in skin cancer and cataracts in humans. 

In the manufacture of foams, including styrofoam (or 
blown polystyrene), CFC’s (which are highly volatile 
liquids) are used to “puff” or “blow” the polystyrene which 
is then molded into the foam cups and other food containers 
or packing materials. In particular, CFC-12 has been the 
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agent of choice, but was among the CFC’s slated to be 
phased out of use. 

In the interim, polystyrene manufacturers in the U.S. have 
been turning to HCFC-22 as a replacement for CFC-12. 
While less ozone-depleting than CFC-l2, HCFC-22 is still 
implicated nevertheless. As a result, in the early 1990’s, 
some companies have started to use pentane in the foaming 
process of plastics. Nevertheless, pentane is also very haz 
ardous to the environment; further, recent studies have 
suggested that pentane is more easily transferred from the 
plastic to the product when used in a container. 
As a result, there has been widespread clamor for com 

panies to return to using more environmentally safe and low 
cost containers. Some environmentalists have even favored 
a return to more extensive use of paper products instead of 
polystyrene, if only because it is thought by some that paper 
represents the lesser of two evils. Nevertheless, although 
paper products have not been linked to the destruction of the 
ozone layer and are biodegradable, recent studies have 
shown that paper more strongly impacts the environment 
than does styrofoam in other respects. In fact, the wood pulp 
and paper industry is one of the top ?ve polluters in the 
United States. 

In response to intense pressure by environmentalists to 
?nd a substitute for polystyrene “peanuts,” which have been 
the packing material of choice by many in the shipping 
industry, Quill (the largest o?ice supply mail—order company 
in the United States) tested alternatives such as paper and 
real popcorn. It concluded that polystyrene peanuts were 
superior to either of these two alternatives. - 

Quill’s research determined that, compared to plastic, 
paper ?ller (1) takes up more space in land?lls, (2) deterio 
rates after several recyclings, (3) is heavier. (4) taxes 
resources such as trees and water, and (5) releases contami 
nants as it degrades. As for popcorn, Quill determined that 
it (1) crumbles, (2) leaves aresidue, (3) attracts pests, and (4) 
diverts farmland from food production. 

Other studies have shown that where polystyrene and 
paper are compared head-to-head in similar products, paper 
is far more damaging to the environment. Although it should 
be noted that diiferent studies have produced differing 
statistics, one study showed that products made from paper 
require 10 times as much steam, 14 to 20 times as much 
electricity, and twice as much cooling water, compared to an 
equivalent polystyrene product. The same study showed that 
the effluent from paper~making contains 10 to 40 times the 
amount of contaminants produced in the manufacture of 
polystyrene foam. Other studies have put the ?gure at 10 to 
100. 

In addition, although most containment products made 
from paper contain mostly unbleached paper, to the extent 
bleached paper is used for such purposes, the environment 
is impacted by a dangerous toxin produced as a by-product 
of paper bleaching: dioxin. Dioxin, or more accurately, 
2.3.7.8-tetrachlorodibenzo[b,e][l,4]dioxin, is a highly toxic, 
teragenic contaminant, and is extremely dangerous even in 
very low quantities. 

Toxic effects of dioxin in animals include anorexia, severe 
weight loss, hepatotoxicity, hematoporphyria, vascular 
lesions, chloracne, gastric ulcers, teratogenicity, and prema 
ture death. Industrial workers exposed to dioxin have fre 
quently developed chloracne, porphyrinuria, and porphyria 
cutanea tarda. Most experts in the ?eld believe that dioxin is 
a carcinogen. 
The highest levels of dioxin found in discharge waters 

from paper mills are about 05 part per trillion. However, ?sh 
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found downstream from paper pulp mills can contain nearly 
200 parts per trillion of dioxin, with levels of 50 parts per 
trillion being not uncommon. Typical concentrations of 
dioxin in bleached paper products range from undetectable 
mounts up to about 10 parts per trillion. 

Further, it is forgotten that it is often necessary to coat 
many paper containers with a wax or plastic material in 
order to give it waterproo?ng properties. Moreover, if insu 
lative properties are necessary, even more drastic modi?ca 
tions to the paper material in the container are necessary. 
As mentioned above, many types of plastic containers, as 

well as the coatings utilized with paper containers, are 
derived from fossil fuels, mainly petroleum, and share many 
of the environmental concerns of petroleum re?nement and 
the petrochemical industry, which need not be repeated here. 

In addition to the obvious chemical hazards of paper, 
plastic, and polystyrene production, an additional problem is 
the impact of these containers on municipal waste disposal 
systems throughout the country. Both polystyrene and plas 
tics used in food containers are very slow to degrade. This 
is especially true when buried deep inside of land?lls, and 
away ?om the corrosive effects of light, air, and water. 

Similarly, although paper is touted as biodegradable, it 
has been known to last a remarkably long time buried deep 
in a municipal dump; there are reports of telephone books 
being lifted from garbage that had been buried for decades. 
This longevity of paper is further complicated since it is 
common to treat, coat, or impregnate the paper with various 
organic materials. 
The Congressional Office of Technology Assessment esti 

mated that as of October 1989 approximately 55% by 
volume (and almost one-half by weight) of the materials in 
land?lls are paper and paper products, and this percentage is 
steadily growing. Even after recycling, paper and paper 
board products comprise the largest category of materials in 
municipal waste facilities. Other studies show that plastic 
accounts for up to 20% of the waste in land?lls by volume, 
and that ?gure may nearly double to 40% by the year 2000. 
These ?gures clearly indicate the impact of current pacln'ng 
materials on waste management. Incineration could reduce 
these amounts, but incineration is often the source of sig 
ni?cant airborne pollution, especially when plastics and 
polystyrene products are incinerated. Even paper, which 
burns relatively cleanly, emits CO2 (which has been impli 
cated as a greenhouse gas) as well as dioxin. 
About the only effective way to reduce the shear volume 

of traditional container and packing wastes is through recy 
cling. However, recycling is not without its contribution of 
large amounts of pollution into the environment in the form 
of fuel spent in transporting recyclables to recycling centers, 
as well as fuels and chemicals used in the recycling process 
itself. 

In short, what are needed are containers used in 
packaging, storing, and shipping which do not require the 
wholesale cutting of trees in order to supply the necessary 
raw materials. In addition, it would be a signi?cant advance 
ment in the art to provide packaging containers which are 
more environmentally neutral, which do not require the use 
ozone-depleting chemicals, which do not contain hazardous 
chemicals like dioxin, or which do not create unsightly 
garbage that does not or is very slow to degrade. Moreover, 
it would be an even greater improvement over the prior art 
if such containers did not result in the contamination of the 
packaged goods by any of the other toxic chemical which are 
often put into paper. 

It would be a signi?cant advancement to provide contain 
ers which have the cushioning and insulative properties of 
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styrofoam. but which do not contribute to the depletion of 
the ozone layer. Further, it would be signi?cant that such 
containers and pacldng. materials be lightweight and yet 
give suf?cient structural support for containing, partitioning, 
or cushioning products therein. 
From a practical point of view, such containers must 

necessarily be produced inexpensively at costs comparable 
to existing products. From a manufacturing perspective, it 
would be a signi?cant advancement in the art to provide 
containers which can be rapidly formed while maintaining 
their shape outside of a mold or other external support so 
that they can be handled quickly after formation. 

Finally, it would be a completely novel and important 
advancement if such containers had a chemical composition 
compatible with the earth into which they eventually might 
be disposed 

Such packaging containers are disclosed and claimed 
herein. 

BRIEF SUMMARY AND OBJECTS OF THE 
INVENTION 

The present invention encompasses packaging containers 
made from hydraulic cement and appropriate aggregates and 
additives, and the methods for their manufacture. It has been 
found that lightweight, cushioning, insulative, and environ 
mentally compatible containers can be readily and inexpen 
sively manufactured ?'om cementitious materials through 
innovative processes developed through a microstructural 
engineering design approach. Containers within the scope of 
the present invention are particularly useful for packaging, 
storing, and shipping any goods which are typically 
packaged, stored. or shipped in the traditional cardboard 
box. 

Hydraulic cement products and the methods of utilizing 
various hydraulic cements have literally been known for 
millennia. The types of such cementitious products which 
have been made over the centuries are various and numer 
ous. However. these products are similar in that they are 
extremely bulky, requiring signi?cant mass in order to 
achieve the desired strength and other performance criteria. 
While some lightweight cementitious products have been 

made (in industries other than the packaging container 
industries), these products have not been able to achieve the 
desired high strength (or other important property) to mass 
ratio at effective and practical costs. As a result, the present 
invention was developed from the perspective of microstruc 
tural engineering in order to build into the microstructure of 
the cementitious composition the desired properties while at 
the same time remaining cognizant of costs and manufac 
turing complications. This microstructural engineering 
analysis approach, instead of the traditional trial-and-error 
mix and test approach. has resulted in the ability to design 
the cementitious materials with those properties of strength, 
weight, insulation, cost, and environmental concerns that are 
necessary for appropriate containers. 
The cementitious structural matrix of the containers dis 

closed herein include a hydraulic cement paste (formed 
from, e.g., a portland-type cement) in combination with a 
rheology-modifying agent (sometimes referred to herein as 
a “plasticizer”), such as methylhydroxyethylcellulose. The 
preferred embodiment further includes various aggregate 
materials, ?brous materials, and air voids which add the 
necessary strength, and if needed, insulative properties at a 
cost which is economically justified. Suitable rheology 
modifying agents, which will be discussed in greater detail 
below, include cellulose, starch, and protein based materials 
and their derivatives, and certain synthetic organic materials. 
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6 
The preferred methods of manufacturing containers for 

packaging, storing, and shipping within the scope of the 
present invention include the steps of (1) mixing a powdered 
hydraulic cement and water in order to form a cement paste; 
(2) combining a rheology-modifying agent (such as 
methylhydroxyethylcellulose) with the cement paste such 
that resultant cementitious mixture develops a more plastic 
like rheology; (3) adding an aggregate or other material to 
the cementitious mixture in order to impart the desired 
light-weight properties to the mixture; (4) adding a ?brous 
material, preferably with a high aspect ratio, to the cemen 
titious mixture to impart, tensile, strength and ?exibility; (5) 
extruding or molding the cementitious mixture into either a 
predetermined shape of the container or a ?at sheet which is 
later shaped into a container; and (6) allowing the cemen 
titious mixture to harden in the predetermined shape. The 
?at sheet can be formed into the shape of a container and 
then cured, or allowed to cure and then formed into the shape 
of a container. 

Additional embodiments of the present invention include 
the addition of air voids in order to add cushioning and/or 
insulative properties to the containers. These air voids are 
created by the incorporation of gas through various tech 
niques into the cementitious mixture during the mixing 
process. 
The compositions of the present invention can be varied 

to yield products of substantially different character. For 
example, very lightweight products (similar to that of 
styrofoam) with rigid walls can be manufactured; for 
convenience, this type of product is sometimes herein 
referred to as a “foam-type” product. In addition to rigid 
containers, ?exible containers having a cementitious matrix 
which includes plastic particles can be made. Such ?exibil 
ity can be general in cases where the plastic particles are 
evenly dispersed, or localized on the surface in cases where 
the plastic particles are concentrated near the container 
surface. 

Alternatively, products which have an appearance more 
like that of a pottery or ceramic product can be made 
according to the present invention; however, the products of 
the present invention are much lighter, typically having a 
bulk speci?c gravity less than 2.0, and usually less than 1.0, 
whereas pottery or ceramic products typically have a bulk 
speci?c gravity of 2.0 or greater. This type of product is 
sometimes herein referred to as a “clay-type” product. 

Yet other cementitious containers may have characteris 
tics that are similar to both “foam-type” and “clay-type” 
products. These hybrid products are referred to as “foam 
clay” products and are similarly lightweight. 

Finally, containers having multiple (at least two) layers of 
cementitious materials having di?erent densities, rigidities, 
and other properties can be made. For example, such con 
tainers can be rigid on the outer surface, giving the container 
the ability to withstand forces typically associated with the 
shipping or storage of goods, yet be soft on the inner surface 
to protect and cushion the goods being shipped or stored. 

Although lightweight containers are often desired, certain 
applications may require a very high cement content (up to 
100% cement by weight), such as where dry pressed cement 
is hydrated after it is pressed. In such cases, the bulk speci?c 
gravity might be higher than 2.0. 
Akey feature of the microstructural engineering design of 

the present invention is the cost optimization of each of the 
component materials. Further, in the preferred embodiment 
the mixing is performed under high shear conditions in order 
to create a substantially homogeneous cementitious mixture 
of all of the components. 
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The molding process can be done by a variety of well 
known methods which have historically been applied to 
plastic materials, including high pressure extrusion, roller 
casting. passing the cementitious material through a pair of 
rollers; ram pressing, hot isostatic pressing, injection 
molding, and other casting and forming methods. While 
these methods are known in the art in connection with 
plastics and some ceramic and metal powdered materials, it 
is only because of the unique microstructural engineering of 
the present invention that the cementitious mixture can be 
molded into a product (such as a container) and maintain its 
shape without external support during the green state until 
curing can occur. 

Indeed, the economic viability of manufacturing pro 
cesses for containers from cementitious materials is only 
possible because the cementitious mixture is self-supporting 
during the green state and will maintain its molded state 
throughout the curing process. In addition, the compositions 
of the present invention importantly provide a cementitious 
mixture that rapidly reaches a su?iciently high strength that 
the molded containers can be handled and manipulated. 

From the foregoing, it will be appreciated that an object 
of the present invention is the development of cementitious 
containers for packaging, storing. and shipping which do not 
require the use of environmentally damaging methods or 
resources in order to supply the necessary raw materials. 

Further, another object and feature of the present inven 
tion is the development of cementitious containers which are 
more environmentally neutral. which do not use environ~ 
mentally harmful chemicals in their manufacture, and which 
do not create unsightly garbage which does not or very 
slowly degrades. 
Yet another object and feature of the present invention is 

the development of cementitious containers which do not 
contain or result in the release during manufacture of 
hazardous chemicals like dioxin. Moreover, such containers 
do not result in the contamination of the packaged goods by 
any of the other toxic chemical which are often put into 
paper. 

A still further object and feature of the present invention 
is the development of cementitious containers which have 
the insulating and cushioning properties of materials such as 
styrofoam, but Without the disadvantages outlined above. 

Another object and feature of the present invention is the 
development of cementitious containers which are light 
weight and yet have a high strength to bulk density ratio to 
give su?icient structural support for the container involved 

Still another object and feature of the present invention is 
the development of cementitious containers which can be 
produced inexpensively at costs comparable to existing 
products. 
A still further object and feature of the present invention 

is the development of cementitious containers which will 
maintain their shape without external support during the 
green state and rapidly achieve sufficient strength that the 
molded containers can be handled. 

Finally. another object and feature of the present invention 
is the development of cementitious containers which have 
essentially the same chemical composition as the earth into 
which they eventually will be disposed. 
These and other objects and features of the present 

invention will become more fully apparent from the follow? 
ing description and appended claims, or may be learned by 
the practice of the invention as set forth hereafter. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODINIENTS 

The present invention relates to containers for use in 
packaging, storing, or shipping of any product for which 
traditional materials are used, such as cardboard boxes, 
styrofoam packing materials, and any other objects such as 
partitions, liners, or lids used therewith. More particularly, 
the present invention is directed to containers manufactured 
from cementitious materials that are generally lightweight 
and have a high strength to bulk density ratio, can be cost 
effectively produced, are insulative, and are more environ 
mentally neutral than currently used packaging, storing, or 
shipping materials. 
As discussed above, the containers within the scope of the 

present invention can be made to have a variety of densities 
and physical characteristics. “Foam-type,” “clay-type”, and 
“foam-clay” products can be manufactured depending upon 
the concentrations and types of the materials used and the 
molding, casting, or extrusion process utilized. Hence, the 
speci?c properties or qualities desired for any product can be 
engineered by proper selection of the components and 
manufacturing processes as taught herein. 
I. General Discussion. 

A. Microstructural Engineering Design. 
As mentioned above, the containers of the present inven 

tion have been developed from the perspective of micro 
structural engineering in order to build into the microstruc 
ture of the cementitious composition the desired properties 
while at the same time remaining cognizant of costs and 
manufacturing complications. This microstructural engi 
neering analysis approach, instead of the traditional trial 
and-error mix and test approach, has resulted in the ability 
to design the cementitious materials with those properties of 
strength, weight, cost, insulation, and environmental con~ 
cerns that are necessary for appropriate containers. 
The number of materials available to engineer a speci?c 

product is enormous—estimates range between ?fty thou 
sand and eighty thousand. They can be drawn from such 
disparately broad classes as metals, polymers, elastomers, 
ceramics, glasses, composites, and cements. Within a given 
class, there is some commonality in properties, processing, 
and use-patterns. Ceramics, for instance, have high modula, 
while polymers have low modula; metals can be shaped by 
casting and forging, while composites require lay-up or 
special molding techniques; cements have high ?exural 
strength, while elastomers have low ?exural strength. 

However, this compartmentalization has its dangers; it 
can lead to specialization (the metallurgist who knows 
nothing of ceramics) and to conservative thinking (“we use 
steel because that is what we have always used”). It is this 
specialization and conservative thinking that has limited the 
consideration of using cementitious materials for a variety of 
products, such as in connection with the packaging industry. 
Nevertheless, once it is realized that cementitious materials 
have such a wide utility and can be designed and micostruc 
turally engineered, then their applicability to a variety of 
possible products becomes obvious. 
The design of the compositions of the present invention 

have been developed and narrowed, ?rst by primary con 
straints dictated by the design, and then by seeking the 
subset of materials which maximize the performance of the 
components. At all times during the process, however, it is 
important to realize the necessity of designing products 
which can be manufactured by a cost-competitive process. 

Primary constraints in materials selection are imposed by 
characteristics of the design of a component which is critical 
to a successful product. With respect to a container, those 
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primary constraints include minimal weight, strength, and 
toughness requirements while keeping the costs to those 
comparable to paper, cardboard, or polystyrene counter 
parts. In addition, other restraints include creating cementi 
tious materials which are adequately ?exible and which 
possess adequate cushioning ability. 

Obviously, one of the problems with cementitious mate 
rials in the past has been that typical cement mixtures are 
poured into a form, worked, and then allowed to set and cure 
over a long period of time, typically days or weeks. Experts 
generally agree that it takes at least one month for concrete 
products to reach a substantial degree of their optimum 
strength. but they also admit that most concrete products do 
not reach their maximum strength for several decades. Such 
time periods are certainly impractical for disposable prod 
ucts. 
As a result. a critical feature of the present invention is 

that when the cementitious mixture is molded, it will main 
tain its shape (i.e., support its own weight subject to minor 
forces) in the green state without external support. Further, 
from a manufacturing perspective, in order for economical 
production, it is important that the molded container rapidly 
(in a matter of minutes) achieve suf?cient strength so that it 
can be handled, even though the cementitious mixture may 
still be in a green state. 

Another advantage of the microstructural engineering 
approach of the present invention is that it is possible to 
develop a composition in which cross-sections of the struc 
tural matrix are more homogeneous than have been typically 
achieved in the prior art. Ideally, when any two given 
cross-sections of about 1-2 mm2 of the cementitious struc 
tural matrix are taken, they will have substantially similar 
amounts of voids, aggregates, ?bers, and any other additives 
or properties of the matrix. 

It will be appreciated that many of the components 
utilized in the present invention have been utilized at one 
time or another in a concrete-type product; however, they 
have not been used in combination to give the properties and 
qualities obtained herein. Furthermore, it is signi?cant that 
the present invention is able to obtain these properties and 
qualities at an economical cost. In other words, even if a 
lightweight concrete product has been produced, it has not 
been produced at a cost which makes the commercialization 
of the product possible because of the speci?c components 
and processes used 
From the following discussion, it will be appreciated how 

each of the component materials in the cementitious mixture 
works to meet the primary design constraints. Speci?c 
materials and compositions are set forth in the examples to 
demonstrate how the maximization of the performance of 
each component accomplishes the combination of desired 
properties. 

B. Containers. 
The terms “container” or “containers” as used in this 

speci?cation and the appended claims are intended to 
include any receptacle or vessel utilized for packaging, 
storing. or shipping items, whether such use is intended to be 
short term or long term. Examples of such containers include 
boxes, cups, jars, spherical objects, bottles, cartons, cases, 
crates, or other types of holders. In short, the “container” 
should be capable of being moved while maintaining the 
integrity of the materials contained therein. This does not 
mean that the container is required to be used in shipping 
goods. or that it must be capable of withstanding the forces 
often encountered when goods are actually shipped from one 
location to another. The container should, however, be 
capable of containing the goods when lifted and placed in 
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10 
another location. It will be appreciated that under certain 
circumstances the container may seal the contents from the 
external atmosphere and in other circumstances may merely 
hold or retain the items. 

In addition to integrally formed cementitious containers, 
containment products used in conjunction with noncemen 
titious containment materials are also included within the 
term “containers.” Such other containers include, for 
example, lids, liners, partitions, wrappers, cushioning 
materials, and any other object used in packaging, storing, or 
shipping goods, or Wrapping an object held within a con 
tainer. 
The containers within the purview of the present inven 

tion may or may not be classi?ed as being disposable. In 
some cases, where a stronger, more durable construction is 
required, the container might be capable of repeated use. On 
the other hand, the container might be manufactured in such 
a way so as to be economical for it to be used only once and 
then discarded and to have a construction such that it can be 
readily discarded or thrown away in conventional waste 
land?ll areas as an environmentally neutral material 
(without causing signi?cant extraordinary environmental 
hazards). 
The present invention may include certain types of 

cementitious containers such as those discussed in U.S. Pat. 
No. 5,100,586, entitled “Cementitious Hazardous Waste 
Containers and Their Method of Manufacture.” This patent 
discloses and claims cementitious containers for the storage 
of hazardous waste. For purposes of disclosure, the above 
identi?ed patent is incorporated herein by speci?c reference. 
Such hazardous waste containers can be spherical with a 
hollow core. 

C. Hydraulic Cement-Based Materials. 
The compositions and methods of the present invention 

involve the use of the family of cements known as hydraulic 
cements. A hydraulic cement is characterized by inorganic 
cements which form hydration reaction products when com 
bined with water. Hydraulic cements are to be distinguished 
from other cements such as polymeric organic cements. 
1. Hydraulic Cements. 
Terms such as “powdered hydraulic cement,” as used in 

this speci?cation and the appended claims, are intended to 
include clinker, crushed, ground, and milled clinker in 
various stages of pulverizing and in various particle sizes. 
Examples of typical hydraulic cements known in the art 
include: the broad family of portland cements (including 
ordinary portland cement without gypsum), calcium alumi 
nate cements (including calcium aluminate cements without 
set regulators, e.g., gypsum), plasters, silicate cements 
(including B-dicalcium silicates, tricalcium silicates, and 
mixtures thereof), gypsum cements, phosphate cements, 
high alumina cements, micro ?ne cements, slag cements, 
magnesium oxychloride cements, and aggregates coated 
with micro?ne cement particles. 
The term “hydraulic cement” is also intended to include 

other cements known in the art, such as ot-dicalcium silicate, 
which can be made hydraulic under hydrating conditions 
within the scope of the present invention. The basic chemi 
cal components of the hydraulic cements within the scope of 
the present invention usually include CaO, SiO2, A1203, 
Fe2O3, MgO, S03, or a combination thereof. These react 
together in a series of complex reactions to form insoluble 
silicates, carbonates (from CO2 in the air and added water), 
sulfates, hydrates, and other salts or products of calcium and 
magnesium. The aluminum and iron constituents are thought 
to be incorporated into elaborate complexes within the 
above-mentioned insoluble salts. The cured cement product 
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is a complex matrix of insoluble hydrates and salts which are 
complexed and linked together much like stone, and are 
similarly inert. 

Hydraulic cement compositions are typically formed by 
mixing powdered hydraulic cement and water; this mixture 
is commonly referred to as “cement paste.” The hydraulic 
cement and water are mixed either simultaneously or 
subsequently, with some sort of aggregate blended to form 
a “cementitious mixture.” Mortar and concrete are examples 
of cementitious mixtures formed by mixing hydraulic 
cement, water, and some sort of aggregate, such as sand or 
rock. 
The terms “hydraulic cement compositions” or “cement 

based compositions,” as used herein, are intended to broadly 
de?ne compositions in terms of hydration. In the preferred 
embodiments of the present invention, the hydraulic cement 
compositions include materials incorporating a cement 
which are in the hydration state at a time prior to the initial 
set of the hydraulic cement paste. It is also intended that the 
term “hydraulic cement compositions” shall include cement 
paste. cementitious mixtures, and ?nal cementitious or con 
crete products. 
The present invention may include other types of hydrau 

lic cement compositions such as dry pressed cement com 
positions discussed in US. Pat. No. 5,358,676, in the names 
of Hamlin M. Jennings, Ph.D., Per JustAndersen, Ph.D., and 
Simon K. Hodson and entitled “Hydraulically Bonded 
Cement Compositions and Their Methods of Manufacture 
and Use,” wherein powdered hydraulic cement is placed in 
a near net ?nal position and compacted prior to the addition 
of water for hydration. For purposes of disclosure, the 
above-identi?ed patent is incorporated herein by speci?c 
reference. 

Additional types of hydraulic cement compositions 
include those wherein carbon dioxide is mixed with hydrau 
lic cement and water. This type of hydraulic cement com 
positions is known for its structural integrity and is dis 
cussed in U.S. Pat. No. 5,232,496, in the names of Hamlin 
M. Jennings, Ph.D. and Simon K. Hodson, and entitled 
“Process for Producing Improved Building Material and 
Product Thereof.” In this patent application, water and 
hydraulic cement are mixed in the presence of a carbon 
source selected from the group consisting of carbon dioxide, 
carbon monoxide. carbonate salts, and mixtures thereof. For 
purposes of disclosure, the above-identi?ed patent applica 
tion is incorporated herein by speci?c reference. 
The hydraulic cements which are preferably used in the 

present invention include white cement, portland cement, 
micro?ne cement. high alumina cement, and slag cement. 
These cements have been chosen because of their low 
cost--the main consideration of the present invention being 
to achieve a low cost, economically feasible container. 
However, this list is in no way exhaustive, or in any way 
intended as limiting the types of cements which would be 
useful in making the cementitious containers described 
herein. Many other types of cement would work equally well 
in the present invention, and such cements can be readily 
identi?ed from comparison with the properties and attributes 
discussed herein with respect to the exemplary hydraulic 
cements. 

It is obvious that an important criterion for certain 
embodiments of the present invention is that the container 
not be water soluble. Unfortunately, many of the materials 
that might be desirable for incorporation into such contain 
ers do dissolve in water. One of the very advantageous 
properties of the use of cement is that the cement particles 
coat the aggregates and other materials added to the cement. 
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12 
Hence, an otherwise soluble component can be incorporated 
into the cementitious mixture and its advantageous proper 
ties and characteristics can be utilized in the ?nal product 
and yet be made insoluble in water. 

2. Cement Paste. 
In each application within the present invention, the 

cement paste is the constituent which eventually gives the 
container the ability to set up and develop strength proper 
ties. The term “cement paste” is used herein to refer to 
cement which has been hydrated by the addition of water. In 
most instances the cement paste is made by mixing together 
the cement and water before the molding process. However, 
in some cases it may be desired to dry press the cement, or 
the cement and various aggregates or other additives, into 
the shape of the ?nal product, after which the cement is 
hydrated into a “cement paste” under conditions of con 
trolled humidity (preferably 100% humidity and/or in the 
presence of steam). 
The term “cementitious mixture” is used to refer to a 

cement paste to which aggregate, ?ber, or other material has 
been added, whether in the green state (i.e., uncured) or after 
it has solidi?ed and/or cured It is composed of an amor 
phous mass comprising the various products within the 
original hydraulic cement. All of the other ingredients serve 
the purpose of altering the properties of the ?nal product. 
including, but not limited to, strength, shrinkage, ?exibility, 
insulating ability, color, porosity, surface ?nish, and texture. 
The percentage of hydraulic cement within the overall 

mixture varies depending on the identity of the other added 
constituents. However, hydraulic cement is preferably added 
in an amount ranging from between about 5% to about 90% 
as a percentage by weight of the wet cementitious mixture. 
From the disclosure and examples set forth herein, it will be 
understood that this wide range of weights corresponds to 
situations where the volume of the hydraulic cement in the 
cementitious mixture may vary ?om 1% or less to more than 
99% of the volume of the cementitious mixture. 

It will be appreciated from the foregoing that embodi 
ments within the scope of the present invention will vary 
from a very lightweight “foam-type” product to a somewhat 
heavier “clay-type” product. Hence, the amount of the 
various components will vary depending upon the speci?c 
product to be made. 

Generally, the preferred amount of hydraulic cement in 
the “foam-type” products will be within the range of from 
about 5% to about 60% by weight of the wet cementitious 
mixture, and most preferably within the range from about 
10% to about 30%. The amount of cement within the 
“foam-clay” products will generally be the same as for the 
“foam-type” products. With respect to the “clay-type” 
products, the amount of hydraulic cement will be preferably 
within the range from about 5% to about 95% by weight of 
the wet cementitious mixture, more preferably within the 
range from about 10% to about 50%, and most preferably 
within the range from about 20% to about 35% by weight. 

Despite the foregoing, it will be appreciated that all 
concentrations and amounts are critically dependent upon 
the qualities and characteristics that are desired in the ?nal 
product. For example, in a very thin-walled structure where 
strength is needed, it may be more economical to have a very 
high percentage of cement with little or no aggregate. A 
thicker panel of material within the scope of the present 
invention can be made of a mixture of essentially hydraulic 
cement and water which has been foamed so that a large 
amount of air is entrained in the mixture. Such a material 
may be particularly useful as a cushioning material. 

Conversely, in a product in which high amounts of air are 
incorporated, such as a light packaging material, there may 
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be a much greater percentage of the rheology-modifying 
agent, only a very small amount of cement. and little or no 
aggregates or ?bers. Such materials can literally be as light 
as the lightest styrofoam products. Other products may be of 
similar compositions except that a signi?cant amount of 
aggregates or ?bers may be added to provide desirable 
strength characteristics to the resultant material. 

It is important that the water to cement ratio be carefully 
controlled in order to result in a cementitious mixture that is 
self-supporting in the green state. The amount of water to be 
used is dependent upon a variety of factors, including the 
type of cement, aggregates, ?bers, and other materials or 
additives to the cementitious mixture, the relative concen 
trations of each of the material components, the molding or 
forming process to be used, and the speci?c product to be 
made and its properties. 

Nevertheless, in typical compositions within the scope of 
the present invention the water to cement ratio will generally 
fall within the range from about 0.1 to about 10. This range 
is broad because it cover both “foam-type” and “clay-type” 
products. In the case where the cement or cement mixed 
with aggregates or other additives is hydrated by highly 
humid (100%) air, the water to cement ratio can be as low 
as within the range from about 0.02 to about 0.15. 

Speci?cally, “foam-type” products will preferably have a 
water to cement ratio within the range from about 0.5 to 
about 6. and most preferably Within the range from about 1 
to about 3. On the other hand, “clay-type” products will 
preferably have a water to cement ratio within the range 
from about 0.1 to about 3, and most preferably, within the 
range from about 1 to about 2. (When the water to cement 
ratio in the “clay-type” is high, the rheology-modifying 
agent is probably providing much of the binding and 
strength characteristics to the cementitious material.) 

According to the presently contemplated best mode of the 
present invention, it has been found desirable that the 
cement and water be mixed in a high energy shear mixer 
such as that disclosed and claimed in U.S. Pat. No. 4,225, 
247 entitled “Mixing and Agitating Device” and U.S. Pat. 
No. 4,552,463 entitled “Method and Apparatus for Produc 
ing a Colloidal Mixture.” 

For purposes of understanding such high energy mixers 
and their methods of use, the disclosures of the aforesaid 
U.S. Pat. No. 4,225,247 and U.S. Pat. No. 4,552,463 are 
incorporated herein by speci?c reference. High energy mix 
ers within the scope of these patents are available from E. 
Khashoggi Industries of Santa Barbara, Calif. The use of 
such a high energy mixer during the mixing process results 
in a homogeneous cement paste which has been shown to 
result in a product with higher strength. Furthermore, these 
high energy mixers can be utilized to entrain signi?cant 
amounts of air into the cementitious mixture to create 
“foam-type” products. 

D. Rheology-Modifying Agents. 
As discussed above, a critical aspect of the present 

invention is the inclusion of a rheology-modifying agent 
which acts to increase the plastic characteristics of the 
cementitious mixture. For this reason, the rheology 
modifying agent is sometimes referred to as a “plasticizer” 
because it functions to arti?cially introduce plasticity into 
the cementitious material so that it will “?ow” like clay 
during a molding, casting, or extrusion process. 
There are a variety of natural and synthetic organic 

plasticizers which may be used in the present invention 
depending on the particular application. This is because 
organic plasticizers have a wide range of viscosities and 
solubilities in water, as well as other distinguishing proper 
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ties. For example, where it is desirable for the container to 
more quickly break down into environmentally benign 
components, it may be preferable to use a rheology 
modifying agent which is more water soluble. Conversely, 
where the container will sustain prolonged exposure to 
water, it may be preferable to use a rheology-modifying 
agent which is virtually insoluble in water. 
The various organic plasticizers contemplated in the 

present invention can be roughly organized into the follow 
ing categories: polysaccharides and derivatives thereof, pro 
teins and derivatives thereof, and synthetic organic materi 
als. Polysaccharide plasticizers can be further subdivided 
into cellulose based materials and derivatives thereof, starch 
based materials and derivatives thereof, and other polysac 
charides. 

Suitable cellulose based rheology-modifying agents 
include, for example, methylhydroxyethylcellulose, 
hydroxymethylethylcellulose, carboxymethylcellulose, 
methylcellulose, ethylcellulose, hydroxyethylcellulose, 
hydroxyethylpropylcellulose, etc. The entire range of pos 
sible permutations is enormous and cannot be listed here. 
Nevertheless, many other cellulose materials have the same 
or similar properties as these and are equivalent. 

Suitable starch based materials include, for example, 
amylopectin, amylose, sea-gel, starch acetates, starch 
hydroxyethyl ethers, ionic starches, long-chain 
alkylstarches, dextrins, amine starches, phosphate starches, 
dialdehyde starches, and polyvinyl dextrin. 

Other natural polysaccharide based rheology-modifying 
agents include, for example, alginic acid, phycocolloids, 
agar, gum arabic, guar gum, locust bean gum, gum karaya, 
and gum tragacanth. 

Suitable protein based rheology-modifying agents 
include, for example, Zein® (a prolamine derived from 
corn), collagen derivatives extracted from animal connective 
tissue such as gelatin and glue, and casein (the principal 
protein in cow’s milk). Another natural rheology-modifying 
agent which is neither a polysaccharide or a protein is latex. 
In addition to imparting a rheology-modifying effect when 
hydrated, latex may also impart some degree of binding to 
the cured material. 

Finally, suitable synthetic organic plasticizers include, for 
example, polyvinyl pyrrolidone, polyethylene glycol, poly 
vinyl alcohol, polyvinylrnethyl ether, polyacrylic acids, 
polyacrylic acid salts, polyvinylacrylic acids, polyviny 
lacrylic acid salts, polyacrylimides, and ethylene oxide 
polymers. 
A currently preferred rheology-modifying agent is meth 

ylhydroxyethylcellulose. An example of such a product is 
'Iylose® FL 15002—a product available from Hoechst 
Aktiengesellschaft located in Frankfurt, Germany. Although 
a methylhydroxyethylcellulose rheology-modifying agent is 
preferred, almost any nontoxic plasticizer (including any 
organic plasticizer listed above) which imparts the same or 
similar properties as Tylose® would be appropriate. 
Closely related compounds include 

carboxymethylcellulose, hydroxyethylcellulose, and other 
cellulose derivatives. Other suitable rheology-modifying 
plasticizing agents include any of the polysaccharide, starch, 
or protein based or synthetic plasticizers listed above. Other 
suitable rheology-modifying agents include synthetic clays 
(such as LAPONITE® which is available from Laporte 
Industries Ltd in the United Kingdom). 
As indicated, the purpose of the rheology-modifying 

agent is to thicken the cementitious material and to add 
lubrication in order to introduce plasticity into the cemen 
titious material. Accordingly, in a presently preferred 
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embodiment. a combination of two di?erent types of meth 
ylhydroxyethylcellulose is often utilized. Tylose® FL 15002 
(which, in a 2% solution in water, gives a viscosity of 15,000 
millipascals) acts as a ?occulent to aid in the binding of the 
cementitious material; this results in a more sticky material 
that looks somewhat like clay. In addition, Tylose® 4000 is 
used to act like a lubricant to aid in the ?owing of the 
cementitious material during the molding, casting, or extru 
sion process. 

Another preferred rheology-modifying agent that can be 
used instead of or in conjunction with Tylose® is polyeth 
ylene glycol that has a molecular weight of between 20,000 
and 35,000. Like Tylose® 4000, polyethylene glycol works 
as a lubricant and adds plasticity to the mixture. In addition, 
it results in a smoother surface. 
From the foregoing, it will be readily appreciated that the 

amount of the rheology-modifying agent will vary. 
Nevertheless, in most typical applications contemplated by 
the present invention, the amount of the rheology-modifying 
agent will be within the range from about 0.2% to about 10% 
by weight of the wet cementitious mixture. In the presently 
preferred embodiments, the amount of the rheology 
modifying agent will be within the range from about 0.5% 
to about 5% by weight of the wet cementitious mixture, and 
most preferably within the range from about 1% to about 
2.5% by weight of the wet cementitious mixture. 

In addition, in the case of a foamed cementitious material, 
Tylose® and other plasticizers help stabilize the mixture and 
keep the air entrained within the mixture. 

E. Non?brous Aggregates. 
It is within the scope of the present invention to include 

aggregates commonly used in the cement industry with 
powdered hydraulic cements, with no particular reference to 
the time of hydration. However, unlike many concrete 
products. the main purpose for the addition of aggregates to 
the compositions of the present invention is to make the 
cementitious material lightweight, rather than imparting 
signi?cant strength to the material (although aggregates 
which are not lightweight can also be used in certain 
embodiments). 
Examples of aggregates which can add a lightweight 

characteristic to the cementitious mixture include perlite, 
vermiculite, glass beads, hollow glass spheres. sodium sili 
cate macrospheres, exfoliated rock, lightweight concrete, 
lightweight synthetic materials (e.g., porous ceramic 
spheres, tabular alumina, aerogels, etc.), lightweight 
expanded clays, expanded ?y ash, expanded slag, pumice, 
and other lightweight and environmentally geological mate 
rials. 

In addition to these lightweight inorganic aggregates, 
certain organic. polymeric, or elastomeric aggregates such 
as cork or plastic spheres can be used as an aggregate 
material to impart lightweight properties or ?exibility into 
the ?nished product. Lightweight plastic spheres are espe 
cially useful in certain applications of the present invention 
where a combination of low weight and high ?exibility and 
resilience is necessary, such as in materials used to cushion, 
partition, separate, wrap, line or space. 

Examples of inorganic aggregate materials which mainly 
impart bulk and/or strength to the cementitious mixture 
include clay. sand, gravel, rock, limestone, calcium 
carbonate. alumina, silica, ground quartz, sandstone, gyp 
sum (including calcium sulfate, and the hemihydrate and 
dihydrate of calcium sulfate), and other geologic materials. 
In fact, a variety of waste products can be used as 
aggregates. e.g., sludge balls, rice husks, and cementitious 
products such as used packaging materials manufactured 
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16 
according to the present invention or the packaging contain 
ers disclosed and claimed in copending parent application 
Ser. No. 07/929,898 (abandoned). 

In addition to conventional aggregates used in the cement 
industry, a wide variety of other aggregates, including ?llers, 
strengtheners, metals and metal alloys (such as stainless 
steel, calcium alurninate, iron, copper, silver, and gold), balls 
or hollow spherical materials (such as glass, polymers, and 
metals), ?lings, pellets, powders (such as microsilica), and 
?bers (such as graphite, silica, alumina, ?berglass, 
polymeric, organic ?bers, and such other ?bers typically 
used to prepare various types of composites), may be 
combined with the hydraulic cements within the scope of the 
present invention. Even materials such as seeds, starch 
granules, gelatins, and solid agar-type materials can be 
incorporated as aggregates in the present invention. 

Flexible, biodegradable particles, such as amylopectin 
granules or other ?exible starch-based particles are useful in 
certain embodiments. In addition, amylopectin granules are 
added to hydrated gypsum, which is dried and then heated, 
which causes the amylopectin granules to explode. This 
results in a very good aggregate comprising gypsum pieces. 

Both clay and gypsum are particularly important aggre 
gate materials because of their ready availability, extremely 
low cost, and ease of working and formation, and because 
they can also provide some degree of binding if added in 
high enough amounts. With regard to clay, the Brady, G. S. 
& Clauser, H. R., Materials Handbook (13th ed), pp. 
205-06, stated that “clay is the general term used to identify 
all earths that form a paste with water and harden when 
heated” (emphasis added). Most clays chie?y comprise 
silica and alumina, and are used for making pottery, tiles, 
brick, and pipes. The clay-type material in all clays is 
kaolinite, which generally takes two forms, anauxite 
(Al2O3.3SiO2.2H-_,O) and montmorillonite 
(Al2O3.4SiO2.H2O). However, clays have a wide range of 
compositions and contain other substances such as iron 
oxide, titanium oxide, calcium oxide, zirconium oxide, and 
pyrite. 

In addition, although clays have been used for rnillennia 
and can obtain form stability even without being ?red, such 
un?red clays are vulnerable to water degradation and have 
never been used to form containers useful for storing, 
packaging, or shipping a variety of different products. 
Nevertheless, it has been found that by adding cement to 
clay, a fairly strong yet extremely inexpensive material can 
be formed. If clay is included in large enough amounts it 
tends to impart some degree of binding to the cementitious 
mixture. 

Similarly, gypsum is also hydratable and forms the dihy 
drate of calcium sulfate when water is added. Thus, gypsum 
exhibits characteristics of both an aggregate and a hydraulic 
binder depending on the amount and particle size of the 
added gypsum. 
From the foregoing, it will be understood that the amount 

of the aggregate will vary depending upon the application. 
There are many situations when little or no aggregate will be 
used. However, in most situations, the amount the aggregate 
will not exceed is about 90% by weight of the wet cemen 
titious mixture. In the products contemplated by the present 
invention Where high insulation is desired, the amount of 
aggregates will usually be within the range from about 1% 
to about 60% by weight, and most preferably, within the 
range from about 20% to about 50% by weight. Heavier 
aggregates are also added in approximately these same 
amounts. 
A preferred polymeric sphere is made from lightweight 

polyethylene, with a density of 0.01 to 0.3 g/cm3 and a 
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particle size of less than 100 microns, although larger 
spheres may be preferred in larger packaging materials. 

In those products where lightweight plastic spheres are 
used, such as in lightweight and ?exible containers, 
partitions, or lining materials, the amount of plastic spheres 
will preferably be within the range from about 1% to about 
10% by weight, and most preferably within the range from 
about 3% to about 6%. Hence, cushioning materials made 
according to the present invention that contain plastic 
spheres are far more environmentally neutral than those 
made from polystyrene, the almost universal cushioning 
material of choice. 

While polystyrene products are 100% polystyrene, pre 
ferred embodiments of cushioned containers made accord 
ing to the present invention only contain from 3% to 6% 
plastic. Thus, pound for pound, the cushioning materials of 
the present invention impart far less plastic into the envi 
romnent than their polystyrene counterparts. Of course, if 
water degradable ?exible aggregates such as, for example, 
agar or arnylopectin granules are used instead of plastic 
balls, the cushioning materials will be essentially nonpol 
luting. 

It should be understood that the microstructural engineer 
ing approach of the present invention allows the design of 
containers where the majority of plastic balls, if added, are 
concentrated near the surface of the container where the 
need for ?exibility is the greatest. Similarly, near the core of 
the container where durability and rigidity are more impor 
tant there might be few or no plastic balls. 

This concentration of plastic balls near the surface of the 
container increases their effectiveness while allowing for the 
addition of fewer plastic balls, thus maldng the containers of 
the present invention even more environmentally sound. 
Such containers might contain as little as 1% plastic balls by 
Weight. 

Further. it will be appreciated that for any given product, 
certain of these aggregates may be preferable while others 
may not be usable. For example, in some applications, 
certain of the aggregates may contain materials that could 
leach from the cementitious mixture and may be toxic; 
nevertheless, most of the preferred materials are not only 
nontoxic under most uses, but they are also more environ 
mentally neutral than the components in existing products. 

Fibrous aggregates are used in the present invention 
primarily to modify the strength characteristics of the 
cementitious mixture, to add form stability to the mixture, 
and to add strength, ?exibility, and ductility to the resulting 
cementitious matrix, although certain ?bers may also impart 
some level of insulation to the materials as well. Therefore, 
the term “aggregates” will refer to all other solid ?ller 
materials, which are non?brous. 

It is also within the scope of the present invention to 
include set hydraulic cement compositions as examples of 
aggregates. Examples of hydraulic cement compositions 
include used containers of the present invention, which can 
be recycled and used as aggregates in the hydraulic cement 
compositions of new containers within the scope of the 
present invention. Moreover, due to more restrictive envi 
ronmental legislation, many ready-mix concrete suppliers 
are often obligated to incorporate used cementitious prod 
ucts as aggregates into their concrete products. The contain 
ers of the present invention are ideally suited for such a use, 
or they can be recycled and reincorporated into other con 
tainers. 
The use of di?’erent sizes of aggregates allows for ease in 

upscaling the properties of the cementitious mixture. For 
example, through the use of larger aggregate, it is easy to 

10 

20 

25 

30 

35 

40 

50 

55 

65 

18 
obtain a high ratio of volume to surface area. Depending 
upon the speci?c aggregates used, this can increase the 
strength of the cementitious mixture or increase ?'lC insula 
tive effect. 

For many uses, it is preferable to include a plurality of 
dilferently sized and graded aggregates capable of ?lling 
interstices between the aggregates and the hydraulic cement 
so that less water is necessary and, hence, greater strength 
can be achieved. In such cases, the differently sized aggre 
gates would typically have particle sizes in the range from 
as small as about 0.5 microns to as large as about 2 inches. 
(Of course, the purpose of the resulting cementitious product 
will dictate the preferred properties of the concrete and the 
appropriate size of the aggregates to be used) It is within the 
skill of one in the art to know generally which aggregates are 
to be used to achieve the desired characteristics in the ?nal 
cement or concrete article or structure. 

In certain preferred embodiments of the present invention, 
it is desirable to maximize the amount of the aggregates in 
the cementitious mixture in order to maximize the properties 
and characteristics of the aggregates (such as their light 
weight or insulative qualities). In order to maximize the 
amount of the aggregates, the use of particle packing tech 
niques is desirable. A detailed discussion of particle packing 
can be found in the following article coauthored by one of 
the inventors of the present invention: Johansen, V. & 
Andersen, P, 1., “Particle Packing and Concrete Properties,” 
Materials Science of Concrete 11 at 111-147, The American 
Ceramic Society (1991). Further information is available in 
the thesis of Andersen, P. J. “Control and Monitoring of 
Concrete Production-A Study of Particle Packing and 
Rheology,” The Danish Academy of Technical Sciences 
(1990). For purposes of teaching particle packing 
techniques, the disclosures of the foregoing article and thesis 
are incorporated herein by speci?c reference. The advan 
tages of such packing of the aggregates can be further 
understood by reference to the examples which follow in 
which hollow glass balls of varying sizes are mixed in order 
to maximize the amount of the glass balls in the cementitious 
mixture. 

In embodiments in which it is desirable to obtain a 
container which has a high insulation capability, it is pref 
erable to incorporate into the cement matrix an aggregate 
Which has a low thermal conductivity, or “K-factor” 
(measured as W/m-K). The preferred aggregates include 
expanded or exfoliated vermiculite, perlite, calcined diato 
maceous earth, and hollow glass spheres—all of which tend 
to contain large amounts of incorporated interstitial space. 

This interstitial space, which is comprised of microscopi 
cally small ?xed air spaces, greatly lowers the K-factor of 
these aggregates, thereby greatly increasing the insulation 
capability of the container involved. However, this list is in 
no way intended to be exhaustive, these aggregates being 
chosen because of their low cost and ready availability. 
Nevertheless, any aggregate with a low K-factor, which is 
able to impart su?icient insulation properties into the cemen 
titious container, is within the purview of the present inven 
tion. 

F. Fibrous Materials. 
Fibers are a special kind of aggregate which can be added 

to the cement paste to increase the ?exibility, toughness, and 
tensile and compressive strength of the resulting cementi 
tious materials. The concept of adding ?bers is analogous to 
reinforcing concrete with steel bars or wire, except that the 
reinforcement is on a “micro” rather than “macro” level. The 
use of ?bers dramatically increases the fracture energy of the 
cementitious materials, which make the resulting containers 
particularly useful for packaging, storing, and shipping 
goods. 
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The ?bers which are incorporated into the cement matrix 
are preferably naturally occurring ?bers, such as ?bers 
extracted from plant leaves and stems. However, they can be 
any naturally occurring ?ber typically comprised of cellu 
lose. Other suitable ?bers include ?bers made from glass, 
silica, ceramic or metal. (One of the glass ?bers utilized in 
the speci?c examples which follow is CEMFlLL®, a prod 
uct manufactured by Pilkinton Corp. Preferably, such glass 
?bers are pretreated to be alkali resistant.) The only limiting 
criteria is that the ?bers impart the desired properties with 
out causing the container or packing material to contaminate 
any goods with which they may come in contact. 

It will be appreciated that the addition of ?brous materials 
to concrete is not in and of itself a new concept. However, 
the cost of adding various ?bers to concrete used in massive 
quantities (such as building materials, sidewalks, and 
highways) is simply prohibitive. In the manufacture of 
containers, the qualities added by the ?brous materials can 
be cost effective in light of the products being produced. 

Preferred ?bers of choice include glass ?bers and abaca 
?ber. which is extracted from a Philippine hemp plant 
related to the banana. The abaca ?bers used in the examples 
which follow were purchased from Skamol Corp., Nykobing 
Mors, Denmark. These ?bers were used due to their low 
cost, high strength, durability in an alkaline environment, 
and ready availability. Nevertheless, any equivalent ?ber 
which imparts strength, as well as ?exibility if needed, is 
certainly within the scope of the present invention. Such 
?ber includes wood ?ber, particularly pine because of its low 
cost and ready availability, and recycled paper ?ber. 

It is preferable that the ?bers have a minimum length to 
width ratio (or “aspect ratio”) of at least 10:1. However, a 
greater aspect ratio is better since a longer, narrower ?ber is 
able to impart a greater amount of strength to the cement 
matrix without adding more bulk and mass to the mixture. 
Fibers with an aspect ratio of greater than 100:1 are more 
preferred, while an aspect ratio of between 200:1 to 300:1 is 
most preferred. 

Another important consideration is the ratio of ?ber 
length relative to the length of the cement particles within 
the cement matrix. At a minimum, for the ?bers to impart 
even minimal strength to the cement matrix, they must be at 
least twice the length of the cement particles within the 
cementitious mixture. The ?bers are more preferably many 
times the length of the cement particles. Fibers having at 
least 10 times the average length of the cement particles 
work well. Fibers having at least 100 times the average 
length of the cement particles work better, while ?bers 
having a length of greater than 1000 times the average length 
of the cement particles work best. High ?ber length to 
cement length ratios can be achieved by either increasing the 
absolute length of the added ?bers or, alternatively, by using 
a more ?nely milled cement. 

Microscopic analysis of materials made according to the 
present invention show that certain mixing and molding 
processes of the present invention tend to circumferentially, 
and generally unidirectionally, orient the ?bers within the 
wall of the container. It will be readily appreciated how this 
results in the advantageous properties discussed above. 
As with aggregates, the amount of ?ber added to the 

cementitious matrix will vary depending upon the desired 
product. Since the purpose of the ?bers is usually to add 
strength, this becomes the principal criterion for determining 
the amount of ?bers to be added. Nevertheless, in most 
situations the amount of the ?bers will not exceed about 50% 
by volume. In the “foam-type,” “clay-type,” or “foam-clay” 
products contemplated by the present invention, the amount 
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of ?bers will generally be within the range from about 0.5% 
to about 20% by volume, and most preferably, within the 
range from about 5% to about 15% by volume. 

G. Air Voids. 
In those applications where insulation and cushioning is 

an important criterion, it is an important aspect of the present 
invention that the containers contain air pockets or voids 
within the cement matrix. The incorporation of air voids into 
the cementitious mixture is carefully calculated to impart the 
requisite insulation and/or cushioning characteristics, with 
out degrading the strength of the container to the point of 
nonutility. Generally, however, if insulation, low weight, 
and/or cushioning are not important features of a particular 
product, it is desirable to minimize any air voids in order to 
maximize strength, and thus minimize the weight and vol 
ume of material necessary to achieve the required strength 
properties. 

In certain embodiments, air pockets can be introduced by 
high shear, high speed mixing of the cement paste, with a 
foaming or stabilizing agent added to the mixture to aid in 
the incorporation of air pockets. The high shear, high energy 
mixers discussed above are particularly adept in achieving 
this desired goal. Suitable foaming or air entrainment agents 
include commonly used surfactants and materials; currently 
preferred embodiments of such surfactants include a 
polypeptide alkylene polyol (Mearlcrete® Foam Liquid) 
and a synthetic liquid anionic biodegradable solution 
(Mearlcel 3532®), both available from the Mearl Corpora 
tion in New Jersey. 

In this process, a gas can also be injected into the cement 
paste such that it is substantially uniformly incorporated by 
the high energy mixer and then entrained by the foaming 
agent. A variety of di?erent gases can be utilized; many 
inexpensive gases suitable for use in the cement paste are 
available. One currently preferred gas is carbon dioxide, 
since carbon dioxide can react with the components of the 
hydraulic cement to increase the strength of the resultant 
cement paste. 
Once the air has been entrained within the cementitious 

mixture, it is often desirable to stabilize the mixture by 
adding a stabilizing agent. Once such material is vinsol resin 
which is available from Sika Company. In addition, it has 
been found that Tylose® tends to stabilize foamed mixtures. 
The stabilizing agents help maintain the air within the 
cementitious mixture. 

This process of incorporating gas into the cementitious 
mixture is generally suitable for processes where the cemen 
titious mixture is relatively nonviscous, such as in injection 
molding, where the cement paste is injected through small 
holes. 

During the process of molding and/or curing the cemen 
titious mixture, it is often desirable to heat up the cementi 
tious mixture in order to control the air void system and aid 
stabilizing the cementitious mixture form in the green state 
(immediately after molding). Of course, heating aids in 
rapidly removing signi?cant amounts of the water from the 
cementitious mixture. 

If a gas has been incorporated into the cementitious 
mixture, heating that mixture to 250° C. will result 
(according to the gas-volume equation) in the gas increasing 
its volume by about 78%. When heating is appropriate, it has 
been found desirable for the heating to be within a range 
from about 80° C. to about 2500 C. More importantly, if 
properly controlled, heating will not result in the cracking of 
the structural matrix of the container or yield imperfections 
in the surface texture of the container. However, in the use 
of plastic balls, such as polyethylene balls, it is important 
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that the temperature be kept below the melting point of these 
materials to prevent their melting, which would result in a 
product which is rigid and in?exible. However, the melding 
of plastic into the cementitious mixture would result in a 
stronger container. 

In other applications, where viscosity of the cement paste 
is high, such as in roller casting or ram pressing, it is much 
more di?icult to obtain adequate numbers of air voids 
through high shear mixing. In this case, air voids are 
alternatively introduced into the cement paste by adding an 
easily oxidized metal, such as aluminum, zinc, or tin into the 
highly alkaline cement paste. To enhance the effect of the 
metal, it is preferable to add a base (such as sodium 
hydroxide) to the cementitious mixture. which preferably 
raises the pH to between about 13-14 and causes these 
metals to undergo oxidation. At the same time, some of the 
ions (such as hydrogen ions) present in the water are 
concomitantly reduced to a gaseous product (such as hydro 
gen gas), which then becomes dispersed throughout the 
cement paste in the form of microscopic bubbles. 
Aluminum and zinc are the preferred metals of choice 

because of their relatively low cost compared to other metals 
which undergo oxidation when exposed to basic conditions. 
Nevertheless. it should be understood that any metal that is 
easily oxidized when exposed to highly alkaline conditions 
would work equally well and would be within the scope of 
the present invention. 

Vinsol resin and Tylose® are both useful in stabilizing 
and maintaining the hydrogen bubbles within the wet 
cementitious mixture while it cures. 

Often, it is further desirable to heat the mixture in order 
to increase or control the rate of oxidation and facilitate the 
formation of hydrogen bubbles. It has been found that 
heating the molded product to temperatures in the range of 
from about 50° C. to about 100° C., and preferably about 75° 
C. to about 85° C., effectively controls the reaction and also 
drives off a signi?cant amount of the water. Again, this 
heating process does not result in the introduction of cracks 
into the matrix of the molded product. 

It has also been discovered that, after the cementitious 
container or packing material has solidi?ed, many of the 
compositional designs of the present invention result in a 
matrix that is slightly permeable, especially to tiny hydrogen 
gas molecules, which can diffuse out of the cement matrix. 
This breatheability factor can often be desirable depending 
on the types of goods being packaged, stored, or shipped. 

This second method of introducing air voids into the 
cement matrix can be used in conjunction with, or in place 
of, the introduction of air through high speed, high shear 
mixing in the case of low viscosity cement pastes used in 
injection molding. Air voids not only increase the insulative 
and cushioning properties of the cementitious containers, 
but also greatly decrease the bulk speci?c gravity, and hence 
the weight, of the ?nal product. This reduces the overall 
mass of each container, which reduces the amount of mate 
rial that goes into the manufacture of the container. and the 
amount of material that will ultimately be disposed of in the 
case of disposable cementitious containers. In addition, it is 
usually advantageous for such materials to be lightweight, 
especially when using them to ship goods. 

H. Protective Coatings. 
In certain applications, it might be desirable to provide the 

containers of the present invention with a protective coming. 
In one embodiment. the containers are coated and sealed 
with a layer of calcium carbonate to ensure they are imper 
meable to liquids. Besides calcium carbonate, any approved 
coating material would work depending on the application 
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involved. Other coatings include clay and mica, which has 
good printing capability. 

For example, a coating comprised of sodium silicate, 
which is acid resistant, is a particularly useful coating where 
the container is exposed to goods having a high acid content. 
Where it is desirable to protect the container from basic 
substances, the containers can be coated with an appropriate 
polymer or wax, such as bee’s wax or mineral wax, which 
are used to coat paper containers. 

In some applications, such as in the products which tend 
to emit water vapor, it is important that the coating allow the 
container to “breathe,” or be permeable to water molecules, 
while still maintaining its ability to be water-proof. In other 
words, in a “breathable” container, water cannot pass 
through the wall of the container, but water vapor can. 

Another type of coating that may be placed on the surface 
of the cementitious containers of the present invention is a 
re?ective coating for re?ecting heat into or out of the 
container. Such re?ective coatings are well known in the art, 
although their applicability to cementitious containers is 
novel. 
While the speci?c coating which may be used will depend 

upon the desired features for the ?nal products, most com 
ings will be applied in a solvent so that upon evaporation of 
the solvent the coating remains on the surface of cementi 
tious product. Examples of suitable coatings include 
melamine, polyvinyl chloride, polyvinyl alcohol, polyvinyl 
acetate, sodium silicates, calcium carbonates, polyacrylates, 
acrylic acrylate, polyurethanes, melamines, Zein®, and 
ceramics. 

1. Other Materials. 
For commercial purposes, it is often desirable that the 

surfaces of the containers be capable of receiving ink or 
other printing indicia. Of course, cementitious products such 
as those disclosed herein are particularly well suited for such 
a use. Furthermore, as mentioned above, it is within the 
scope of the present invention to coat the cementitious 
container with a government approved coating, most of 
which are currently used and well adapted for placing 
indicia thereon. 

Indeed, calcium carbonate is well known in the printing 
industry as being an effective surface on which indicia can 
be placed. Hence, most of the presently known prior art 
methods of printing or placing indicia on containers are 
usable in connection with the present invention. Not only 
can decals be placed on the surface, but the porosity of the 
cementitious surface itself is such that it will properly absorb 
ink without running; even multiple color or multiple layer 
printing is relatively easily achieved. In addition, clay or 
mica surfaces would also work well. 
11. Speci?c Applications of the Components in the Packag 
ing Containers and Materials. 

It is important that the basic structural component of the 
containers of the present invention be the hydraulic cement 
matrix. Within the basic matrix of hydraulic cement and 
water are incorporated other components which add addi 
tional characteristics and properties, such as ?bers, 
aggregates, air voids, rheology-modifying plasticizing 
agents, and even accelerators. 

A. Purposes of Components in Cementitious Mixtures. 
As discussed above, ?bers are added to impart strength 

and some insulation to the cementitious container. Aggre 
gates are employed to increase the ability to decrease the 
bulk speci?c gravity of the packaging material and to add 
insulative properties. While some aggregates are lightweight 
in themselves, other aggregates, such as sand, make a 
stronger and more easily extrudable product that can be 
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made with large amounts of intrastructural space, such as the 
honeycomb. This greatly reduces the effective density of 
“block density” of the container walls. 

Discontinuous, nonagglomerated air voids can be 
mechanically or chemically introduced into the cementitious 
mixture; these voids also greatly decrease the bulk speci?c 
gravity of the ?nal cement product, making the containers 
more lightweight, cushioning, and insulative. 

Because this invention is directed toward containers, 
which are intended to come into contact with human hands 
in many cases, the materials within the containers must not 
contain, or impart into the goods contained therein, any 
hazardous substances. The containers of the present inven 
tion are typically comprised of a hydraulic cement, water, 
one or more aggregates, a rheology modifying agent, and 
one or more ?bers. Appropriate hydraulic cements that can 
be used herein contain differing quantities of the following 
compounds before hydration: CaO, SiO2, A1203, Fe2O3, 
MgO. and S03. Upon hydration, these react to form very 
stable, unreactive rock-like compounds, which are essen 
tially harmless to humans and animals. 
The ?bers used herein are preferably natural ?bers made 

from cellulose or glass ?bers. Either type of ?ber is harmless 
to humans and animals. The aggregates used in this inven 
tion are preferably small, lightweight, rock-like substances; 
in fact, these materials preferably contain a high percentage 
of air voids. Like cement, these are also very stable, 
unreactive, and harmless to humans and animals. 
The size of the aggregates is controlled so that they are 

preferably about one fourth (or smaller) of the thickness of 
the container to be manufactured. As mentioned above, it is 
frequently desirable to employ particle packing techniques 
in order to maximize the desirable properties and charac 
teristics of the aggregates into the cementitious mixture. 
Simply stated, these techniques maximize the amount of the 
aggregates in the matrix and minimize the space (and hence 
the discontinuities) between the aggregates. Thus, the 
strength and other properties of the total cementitious matrix 
becomes dependent upon that of the aggregates and the 
hydraulic cement. 
The discontinuous voids which are chemically introduced 

are most likely to be ?lled with air after the hydrogen 
diffuses out of the cement matrix. (Although as taught 
elsewhere, other similarly safe gases can be used in the 
manufacturing process.) Contrast this with polystyrene foam 
containers wherein the air pockets might contain harmful 
CFC’s or other gaseous agents involved in the manufacture 
of polystyrene. Likewise, paper products are impregnated 
with tiny quantities of dioxin, as discussed above. 
The cementitious containers within the scope of the 

present invention can be characterized as being lightweight, 
yet retaining the su?icient strength for the desired purpose. 
Preferably, compositions of the present invention will have 
a bulk speci?c gravity of less than 2.0 g/cm3, and in some 
cases, less than 1.0 g/cm3. However, in the case of powder 
pressing. the density of the resulting container walls will be 
about 2-3 glcma. 

Typically, the cementitious containers will have a com 
pressive strength to bulk density ratio in the range from 
about 0.5 MPa-cm3/g to about 1000 MPa-cm3/g. In the 
preferred embodiments, the strength to bulk density ratio 
will usually be in the range from about 3 MPa-cm3/g to 
about 50 MPa-cm3/g, with the most preferred range being 
from about 5 MPa-cm3/g to about 10 MPa-cmslg. 
A signi?cant advantage of the cementitious containers of 

the present invention is that they do not require or result in 
the emission of dioxin or ozone depleting chemicals. In 
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addition, when disposed of into the earth, they do not persist 
in the environment as do foreign materials which must 
biodegrade (often over a number of years) before they 
become environmentally innocuous. Instead, the waste 
cementitious containers are essentially composed of the 
same materials already found in the earth. Under the weight 
and pressure of typical land?lls, such containers will 
crumble and break down into an environmentally neutral 
powder that is the same as, or at least compatible with, the 
dirt and rock already found within the land?ll. 

Furthermore, the cementitious containers are fully recy 
clable with a minimum amount of energy and effort. Unlike 
paper and plastic products, which require a substantial 
amount of processing in order to restore them to a suitable 
state as raw starting materials, cementitious products can be 
ground up and recycled by merely reincorporating the 
gn'ndings into new containers as an aggregate component 
within a virgin cement paste. This quality of containing both 
a cementitious binder, along with an aggregate, is a further 
departure from prior art containers, which are typically 
comprised of a uniform material such as polystyrene or 
paper. 

B. The Processing Techniques and Conditions. 
The combination of hydraulic cements, aggregates, air 

voids, and ?bers results in a composition that can be formed 
into relatively thin sheets or walls having roughly the same 
thickness as conventional containers made from paper or 
styrofoam. In addition, the composition can be formed into 
suitable shapes for cushioning, partitioning, lining, or wrap 
ping goods within a container. The compositions are readily 
molded or processed into a variety of shapes, including 
containers, plates, cups, cartons, boxes, peanuts, crates, lids, 
partitions, liners, spacers, and similar products. In addition, 
the materials can be extruded into certain strong yet light 
weight forms, such as honeycomb blocks or corrugated 
sheets. The resulting cementitious containers also have low 
bulk density (often the bulk speci?c gravity is less than 1.0 
g/cm3), resulting in a lightweight product which is compa 
rable to conventional containers made of paper and styro 
foam 

In order for the material to exhibit the best properties of 
high ?exibility and/or cushioning, the ?bers can be aligned 
or stacked according to the present invention, instead of 
being randomly dispersed throughout the cement. It is 
preferable for the ?bers to be laid out in a plane that is 
parallel to either of the two surfaces of the cement sheet or 
container wall. In a container, it is important, therefore, for 
the ?bers within the container body to be circumferentially, 
preferably unidirectionally, aligned. Similarly, the ?bers 
within the bottom of the container should be horizontally 
aligned. 

Such alignment of ?bers is achieved either by roller 
casting, ram-pressing, extrusion, pull-trusion, hot pressing, 
or high pressure extrusion of a plastic matrix. These pro 
cesses result in near zero porosity in terms of large, con 
tinuous and unwanted air pockets which usually occur 
during normal cement manufacture. This greatly increases 
the strength of the cement material and reduces the tendency 
of splitting or tearing when the container is exposed to 
external mechanical forces. 
The undesirable discontinuities and voids in typically 

cementitious products should not be confused with the 
micro-pockets of air (or other gas) that are intentionally 
introduced by the direct introduction of gas, the use of a high 
energy mixer, or the addition of reactive metals. Undesired 
voids or discontinuities are large and randomly dispersed, 
and o?er little in terms of added insulative properties, while 
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at the same time greatly reducing the strength and consis 
tency of the cement matrix. In contrast. the intentionally 
introduced gas bubbles or voids are generally uniformly 
dispersed throughout the cementitious mixture, very small, 
and able to insulate or cushion without substantially reduc 
ing the strength of the underlying cementitious structural 
matrix. 

Containers incorporating large amounts of gas bubbles or 
voids and made by this method exhibit insulating and 
cushioning properties similar to those of styrofoarn, and yet 
have su?icient strength that they will not break when 
dropped from heights as high as 2 or more meters. For 
example. cementitious mixtures made according to the 
present invention have been shown to provide su?icient 
insulation against heat which might occur, for example, 
during the shipping of goods. This ability to insulate is 
superior to typical containers made from paper. while being 
comparable to that of polystyrene products. In addition, the 
products of the present invention can be designed to have 
comparable cushioning characteristics to those of paper or 
polystyrene products. 
By altering the quantities of cement, water, aggregates, 

?bers, and rheology-modifying plasticizing agents, it is 
possible to control the rheology, or ?ow property, of the 
cement paste. For example, in the case of ram-pressing or 
roller casting it is important to start with a relatively highly 
viscous cementitious mixture which is form stable in the 
green state so that it can maintain its shape after being 
formed. even before being fully cured. 
On the other hand, in the case of extrusion, pull-trusion, 

or hot pressing, the cementitious mixture is preferably 
viscous but yet able to ?ow. Because containers formed by 
these methods solidify within a mold, it is not necessary that 
these cementitious mixture become form stable as quickly as 
in other types of processing. Nevertheless, even these less 
viscous cementitious mixtures must be able to become form 
stable very rapidly after being placed in the mold in order for 
the process to be economical. Generally, the longer the 
product remains in the mold, the higher the cost of manu 
facture. As discussed elsewhere, this is one reason why heat 
or gas-generating materials might be added to the cementi 
tious mixture. 

Nevertheless, whether a viscous or nonviscous cement 
paste is required, it is desirable to use a minimal amount of 
water. This is because it is important to control the capillary 
action of the water in the cementitious mixture. as this is a 
cause of the stickiness of the cementitious mixture, which in 
turn can cause problems in demolding the cementitious 
mixture from the mold. Hence. the capillary action of the 
water has be to modi?ed in order for there to be quick release 
of the cementitious mixture in the molding process. Hence, 
the amount of water is kept to a minimum in order to 
eliminate free water so that there is no further chemical or 
mechanical adherence to the mold. 

Furthermore. the resulting cement products are stronger if 
less water is used rather than an excess. Of course, where 
more water is used, more water must then be removed from 
the cementitious mixture during the curing process. 

Therefore, in order to obtain a fairly nonviscous cement 
paste without the addition of excess water, it is important to 
utilize a rheology-modifying or plasticizing agent in the 
cementitious mixture. As discussed above. there are a vari 
ety of suitable rheology-modifying agents. The rheology 
modifying agent makes the cementitious mixture plastic so 
that it will deform and flow when subjected to large forces 
during the molding process. The rheology-modifying agent 
then provides stability so that the molded cementitious 
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product can withstand small forces such as gravitational 
forces (that is, support its own weight) and the forces 
involved in moving the product from the mold, as well as 
subsequent handling. 
1. The “Molding” Process. 
During the mixing of the cementitious paste, it is impor 

tant to obtain ?occulation or gelation of the mixture. For 
purposes of simplicity, the term “molding,” as used in this 
speci?cation and the appended claims, is intended to include 
the variety of molding, casting, and extrusion processes 
discussed herein or that are well known in the art with 
respect to materials such as clays, ceramics, and plastics, as 
well as the process of releasing (or “demolding”) the cemen 
titious product from the mold. The term “molding” also 
includes the additional processes that might occur while the 
cementitious mixture is in the mold, (e.g., heating the 
cementitious mixture, the reaction of the hydraulic cement 
with aluminum metal to release gas bubbles for incorpora 
tion into the cementitious mixture, and the expansion of the 
volume of the cementitious mixture in the mold). 
The molding process (including extrusion and the other 

process discussed herein) allows for building strength into 
the structure formed by the cementitious mixture. For 
example, if a wall for a carton is formed of the cementitious 
mixture, it is possible to incorporate into the wall a variety 
of structures (such as a honeycomb, angular or square 
reinforcing rods, triangularly shaped forms, I-bearns, cellu 
lar materials, peanuts, and corrugated materials) for added 
strength. Of course, any of the well-known structural tech 
niques for adding strength through shape are generally 
applicable to the present invention. 

In order for the cementitious mixtures of the present 
invention to be effectively molded, it is important that the 
cementitious composition be form stable in the green state; 
that is to say, the molded product must rapidly (preferably in 
three seconds or less) be able to support its own weight. 
Further, it must harden su?iciently that it can be quickly 
ejected from the mold. Otherwise, the cost of molding may 
make the process uneconornical. In addition, the surface of 
the molded cementitious article cannot be too sticky, as that 
would make the demolding process impossible and make it 
dii?cult to handle and stack the molded articles. 
As discussed above, the use of the rheology-modifying 

agent functions as an agent to aid with the ?ow and 
subsequent rapid stability of the cementitious mixture during 
and after the molding process. Further, minimizing the 
amount of water modi?es the capillary action of the cemen 

' titious mixture and limits the free water so that there is not 
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chemical or mechanical adherence to the mold. 
There are several modi?cations to conventional molding 

processes which are preferably employed in order to ease the 
manufacturing process. For example, it is frequently desir 
able to treat the mold with a releasing agent in order to 
prevent stich‘ng. Suitable releasing agents include silicon 
oil, Te?on®, Deleron®, and UHW®. Preferably, the mold 
itself will be made of steel or of a material with a very 
“slic ” ?nish, such as Te?on® or Deleron®. If the mold is 
made from steel, it will preferably be plated with either 
polished nickel or chromium. However, regardless of the 
material used, it is important that the mold be kept hot (>50° 
C.) to create a thin layer of steam between the cementitious 
mixture and the mold to aid in demolding the product. 
The same effect can be achieved from the use of frictional 

forces. By spinning the head of the molding apparatus 
against the interior and/or exterior surfaces of the cementi 
tious material, any chemical and mechanical adherence (i.e., 
stickiness) to the mold can be overcome. 
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During the process of molding and/or curing the cemen 
titious mixture, it is often desirable to heat up the cementi 
tious mixture in order to control the air void system by 
allowing for proper control of the porosity and the volume 
in the container. However, this heating process also aids in 
making the cementitious mixture form stable in the green 
state (immediately after molding) by allowing the surface to 
gain strength quickly. Of course, this heating aids in rapidly 
removing signi?cant mounts of the water from the cemen 
titious mixture. The result of these advantages is that the use 
of the heating process can ease the manufacturing of the 
cementitious containers. 

If a gas has been incorporated into the cementitious 
mixture, heating that mixture to 250° C. will result 
(according to the gas-volume equation) in the gas increasing 
its volume by about 78%. When heating is appropriate, it has 
been found desirable for that heating to be in the range from 
about 80° C. to about 250° C. More importantly, when 
properly controlled, heating will not result in the formula 
tion of cracks in the structural matrix of the ?nished product 
or imperfections in the surface texture of the product, and 
will not result in the melting of any added plastic balls. 

In fact. the process of adding gas bubbles to the cemen 
titious mixture during the molding process can help the 
molded product to quickly gain stability. From the foregoing 
disclosure. it will be apparent that this can be accomplished 
by the addition of a gas-generating material, such as an 
easily oxidized metal like zinc or aluminum, and that the gas 
generating process can be accelerated by the addition of a 
base and/or heat. . 

An important molding process within the scope of the 
present invention includes extruding the cementitious mate 
rial through a slit ‘A; inch wide, after which the extruded 
material is passed between a pair of rollers to create a more 
uniformly thick sheet. Depending upon the space between 
the rollers, cementitious sheets can be made that have 
thicknesses as low as 0.2 mm, which is the thickness of 
paper. Cementitious sheets having thicknesses between 
about 0.25 mm to about 0.35 mm are commonly used in the 
present invention to manufacture containers. 

Although it is often preferable to coat the rollers with any 
of the nonstick materials discussed above, it is more impor 
tant to heat the rollers to a temperature to prevent sticking of 
the material to the rollers. Typically the roller temperatures 
will be within the range from about 50° C. to about 150° C. 
Not only do the heated rollers prevent the cementitious 
materials passed therethrough from sticking, but they also 
help the materials to more quickly reach form stability. In 
addition, it is often preferable to pass the rolled cementitious 
sheets through a drying oven, which causes the sheets to 
harden more quickly. 
2. The Curing Process. 
The compositions of the present invention must also 

rapidly gain su?icient strength for use as a container, unlike 
typical concrete products which need about 28 days to reach 
their ?nal strength. This is essential so that the molded 
product can be quickly removed from the mold, further 
processed as necessary, stacked. and packaged. While no 
signi?cant processing condition is necessarily modi?ed for 
curing products within the scope of the present invention, 
many of the features discussed above (e.g., inter alia, the use 
of a rheology-modifying agent, controlling the capillary 
action of water, the introduction of air voids throughout the 
cementitious mixture, the use of heat, and creating form 
stability in the green state) are important for the cementi 
tious products to achieve strength quickly and properly cure. 
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3. The Shaping Process. 
Even after the cementitious mixture has been molded. it 

may yet be necessary to bend, fold, or otherwise shape the 
cured or uncured material into the desired shape of a 
container. For example, a ?at sheet may be folded into the 
shape of a box, or rolled into a hollow cylindrical container. 
As the examples below demonstrate, it has been found that 
for some embodiments a box is most easily formed from a 
?at sheet containing ?bers which is scored and folded after 
it has been cured. Similarly, some embodiments yield rela 
tively thin cementitious sheets which can be handled much 
like paper. In fact, like paper or cardboard, such cementi 
tious sheets can be rolled up and stored until needed. 

In other embodiments, individual ?at sheets can simply be 
joined together to make a box or container using adhesion 
methods known in the art without the need to fold an integral 
sheet. In this case, the cementitious sheets are made into the 
?nal product while in a semi-cured condition when they 
have greater ?exibility than after they are cured. 

In any event, the thickness of the cementitious structural 
matrix within the molded containers will preferably have a 
thickness less than about 20 mm, more preferably less than 
about 10 mm, and most preferably less than about 5 mm. In 
certain embodiments the thickness could even be less than 2 
mm or 1 mm, especially where a more paper-like material is 
preferred. 

In addition to ?at sheets, corrugated sheets, much like 
corrugated cardboard commonly used in making boxes can 
be made using the compositions and procedures of the 
present invention. The corrugated material will generally 
have a ?uted, or corrugated, inner sheet sandwiched between 
two ?at, outer sheets. 
The ?at outer sheets are formed, as above, by ?rst 

extruding, and then passing between a pair of rollers, the 
cementitious mixture. The outer sheets will preferably have 
thicknesses ranging from 0.5 mm to 2 mm. 
The corrugated, or ?uted inner sheet (which is similar to 

the ?uted or corrugated inner sheet of an ordinary cardboard 
box) is formed by passing a semi-hardened ?at sheet through 
a pair of rollers with intermeshing corrugated surfaces or 
teeth. The manufacturing process is preferably carded out in 
one continuous process wherein the newly formed ?at sheet 
is immediately passed through a heat tunnel adjusted to 
create the optimal amount of hardening and then passed 
through the corrugated rollers. The corrugated rollers force 
the thin cementitious sheet into the ?uted or corrugated 
shape. The corrugated sheet is then passed through a heat 
tunnel to help it maintain its shape. 

Glue is applied to the outer edges of the individual folds 
of the corrugated sheet by passing the corrugated sheet 
through a pair of glue covered rollers adequately spaced to 
apply the glue without destroying the corrugations. 
Alternatively, the glue can be applied by spraying glue onto 
the edges of the corrugated sheet. The corrugated sheet is 
then sandwiched between the two outer sheets and the 
combination allowed to harden. 

For each of the materials described above, the thickness 
of the cementitious structural matrix will vary greatly 
depending on the particular application or use of the cemen 
titious container. An important criterion in any case will 
usually be the minimizing of mass while maintaining 
adequate strength. Making a container with a minimum 
amount of cementitious material reduces the cost of manu 
facture and subsequent costs associated with shipping the 
containers before use, as well as using the containers when 
shipping other goods during their intended use. It also 
reduces the amount of cementitious waste which must be 
disposed of or recycled after the container has been dis 
carded. 


































